Tabia can be used for repair of historic buildings, and it has been verified by some papers that the addition of some organic matters will improve the compressive strength of tabia; however, a traditional additive of the mixture of brown sugar and glutinous rice pulp is seldom researched. By adopting the orthogonal experiment, this article conducts research on the influence of brown sugar and glutinous rice pulp on compressive strength of tibia after the curing of 28 days with relative humidity of 60% and temperature of 28 ℃ . According to the experimental result, in this experimental condition, the compressive strength of tabia is positively correlated with the additive amount of the brown sugar, and is negatively correlated with the initial additive amount of glutinous rice pulp and water.
INTRODUCTION
As a building material composed by mixing sand, lime, clay and water as per certain proportion, tabia was widely applied to the civil engineering in ancient times, especially on load bearing positions such as walls and foundations. However, in these days, in historic building repair field, the widely used cement has been doubted about its effectiveness [1] [2] ; therefore, the tabia attracts the attention of people again. However, due to the defects of the tabia of unfavorable strength at early stage, the ancient people often added some natural materials (brown sugar and glutinous rice pulp) to solve the problem. These "folk wisdom" achieved remarkable effectiveness [3] , which played an enlightening role on repair of historic building. By conducting research on the influence of brown sugar and glutinous rice pulp on the performance of the tabia, this article designs the orthogonal experiment in combination of field research, to conduct research on their influence on compressive strength of the tabia by controlling the usage of glutinous rice pulp and brown sugar, hoping that a green historical building repair material with low cost can be developed in the future.
EXPERIMENTAL MATERIALS AND METHOD

Experimental Materials
Sand: Sand mainly plays a role of fine aggregate and filling in the tabia; in order to ensure the cleanliness and preferable grading, Xiamen ISO standard sand is adopted.
Lime: Lime plays a role of bounding of sand in the tabia. It reacts with water to produce calcium hydroxide, which on one hand will react with carbon dioxide in the air to produce calcium carbonate, and one the other hand will react with silicon dioxide in sand and clay to produce calcium metasilicate, both of which are beneficial for the improvement of the strength of the tabia [4] . In order to avoid the occurrence of over-burnt lime in the tabia, the 800 mesh industrial grade quicklime powder (product of Chengdu Jianxin Chemical Co., Ltd.) is adopted.
Clay: Clay is taken locally, with natural drying and with the moisture content of 3.4%.
Brown sugar and glutinous rice: Ordinary edible brown sugar and glutinous rice.
Design of Experiment
DESIGN OF ORTHOGONAL EXPERIMENT
With the purpose of conducting research on the influence of glutinous rice pulp and brown sugar on compressive strength of tabia, and in consideration that the usage of water has influence on compressive strength of tabia, this article selects the usage of glutinous rice pulp, brown sugar and water as the influencing factors. Various factors are determined as four levels through investigation and previous experiments; 64 times of experiments are needed for the overall combination experiments, but it is impossible and unnecessary to experiment on all the combination methods due to the limitation on times of experiments.
The orthogonal table is utilized for the orthogonal experiment; according to the orthogonality, it selects some representative points for experiments, to avoid the adverse influences of subjective experience on experiments. The characteristics of "uniformly dispersed and symmetrically comparable" make the experimental result representative; less experiment times can be utilized to understand the influence of multiple factors on experimental result in a relatively overall way [5] . Besides, the range analysis and the variance analysis methods can be adopted, to determine the significance of the influencing factors.
Based on the above reasons, the orthogonal experimental schedule is formulated, as shown in Table 1 .
MATERIAL UTILIZATION AMOUNT DESIGN
The basic materials of tabia include lime, clay and sand; the utilization amount of lime is the least, followed by clay, and the utilization amount of sand is the most. According to the proportion of utilization amount of various materials recorded in the literature, the proportion is finally determined as mlime: mclay: msand=1:1:3. In consideration of large amount of loss during the preparation process of experiment specimen of each group, the material utilization amount of various materials of this experiment are as shown in Table 2 . It is significant that the utilization amounts of water, brown sugar and glutinous rice pulp will have influence on the compressive strength of tabia. Determine the four different utilization amounts of the three factors by distributing different levels to the four utilization amounts, as shown in Table 3 .
Making of Specimen
Preparation of glutinous rice pulp: Power 100g glutinous rice with the grinding miller, and add water of 1000g, and boil the 1100g glutinous rice pulp, until the residual mass of the glutinous rice pulp is 1000g. At this time, the glutinous rice pulp is prepared. In order to avoid the excessive temperature or uneven heating of the glutinous rice pulp, heat by separating with water during the boiling process, and constant stirring is needed.
Preparation of brown sugar pulp: Determine the utilization amount of brown sugar and water needed for the experiment according to Table 3 , to make brown sugar dissolve in the water, and prepare the brown sugar pulp for standby application.
Mixing method of tabia: Weigh brown sugar pulp, glutinous rice pulp and water of certain mass according to Table 1 and Table 3 , and mix uniformly in the mixing pot for standby application. Take various materials with the utilization amounts stipulated in Table 2 and add in the mixing pot, and mix for 2 minutes with cement mortar blender.
Manufacturing method for specimen: The cube standard test mode with length of side of 70.7mm is adopted for preparing the crush resistance specimen. During the preparation, firstly, spray appropriate amount of release agent on the internal surface of the test mode, and then dry it, and then pour the mixed tabia into the test mode, and vibrate dense with the vibrating table. Float the surface of tabia, and demold after 3 days of standard curing conditions, to obtain three specimens in each group. Put them into the curing box for 28 days (T=(29±1)°C, RH=(65±5)%).
Test Result Analysis
The WE-1000B hydraulic universal tester is adopted to detect the compressive strength of the specimen after 28 days of curing, to obtain three data in each group, as shown in Table 4 . The SPSS software is utilized, to conduct variance analysis on the experimental results, as shown in Table 5 .
The data analysis as shown in Table 5 reflects that the significance is less than 0.01 when the sources of variance are glutinous rice pulp and water; the significance is 0.001 when the source of variance is brown sugar, less than 0.01. According to the data, when the confidence probability is 99%, the additive amounts of glutinous rice pulp, brown sugar and water have significant influence on the d 28 compressive strength of tabia. The average value of the sum of the indexes corresponding to various levels is calculated according to Table 4 , to estimate the influence of various factors on the compressive strength, as shown in Table 6 . In combination of Table 3 and Table 6 , it can be found that the compressive strength of tabia firstly increases and then decreases with the increase of the utilization amount of brown sugar. When the utilization amount of brown sugar is about 60g, the compressive strength value of tabia achieves the maximum; the compressive strength decreases with the increase of the utilization amounts of glutinous rice pulp and water. In which, with the uniform increase of the utilization amount of water, the increase range of the compressive strength of tabia gradually decreases. Draw the scatter diagram according to Table 6 , and the fitting trend line is as shown in Figure 1 , Figure 2 and Figure 3 . Fit the estimated value of the utilization amount of brown sugar to the compressive strength of tabia with quadratic curve, with the following equation. In the figure, the deviation trend line degree of the sample points is large, and the correlation coefficient between the equation and the sample points is relatively low, illustrating that the quadratic curve can only partially reflect the influence of the utilization amount of brown sugar on the compressive strength of tabia; on one hand, it is because of the too little samples, which are greatly influenced by random factors; on the other hand, it is because of the complicated components of brown sugar, and cane sugar reacts with calcium hydroxide to produce sugar calcium [6] [7] , having influence on the strength of tabia, and the rest impurities may also act on the hardening process of tabia. For these reasons, the simple quadratic curve cannot be . This value can be taken as reference in the engineering practice in the future. In order to make comparisons between equation (2) and equation (3), the two equations can be corrected, and the influence of the condition of the water utilization amount of 0.57kg shall be eliminated for equation (2) ; the influence of the condition of the glutinous rice pulp utilization amount of 0.09kg shall be eliminated for equation ( The original equation (2) :constants Substitute the model into the experimental data for verification, to obtain the regression relational expression of the utilization amounts of glutinous rice pulp, brown sugar and water on the compressive strength of tabia:
illustrates that the fitting degree between data and equation is preferable, and the above equation can be taken as the experience formula of this experiment; at the same time, I illustrates that the functional relationship between the compressive strength of tabia and the utilization amounts of glutinous rice pulp, brown sugar and water is:
In accordance with the objective fact, this relational expression can be taken as the reference for the experience calculation formula in the engineering in the future.
CONCLUSIONS
(1) The water utilization amount during the mixing of the tabia shall not exceed than 20% of the total mass of lime, clay and sand.
(2) Brown sugar has relatively complicated influence on the strength of tabia, and the quadratic curve can be utilized to roughly describe the general trend of the influence; i.e., the strength of the specimen firstly increases and then decreases with the increase of the content of brown sugar. The utilization amount of brown sugar shall be 8% of the mass of lime.
(3) If it is assumed that the glutinous rice and the water in the glutinous rice pulp have mutually independent influences on the strength of the specimen, it can be found that the glutinous rice increases the strength of the specimen. There are certain limitations on the research of this article. The curing time designed for the experiment is d 28 , without long term curing, and the curing condition is different from that of the natural curing. Therefore, the conclusion of the paper is applicable to the tabia of early stages; with the increase on the age of tabia and the changes on the curing conditions, there may be different functions of glutinous rice pulp and brown sugar on the strength of tabia, and further experiments are needed in the future.
